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Abstract of JP2059648 

PURPOSE: To accurately measure the 
concentration of analysis material by multilayer 
element sequentially containing an absorption 
layer, a waterproof barrier layer and quick 
absorption reagent matrix layer having 
predetermined volume. CONSTITUTION: An 
absorption layer 2 and a barrier layer 8 are 
disposed so that the lower surface of the layer 2 
is brought into contact with the upper surface of 
the layer 8 and the lower surface of the layer 8 is 
brought into contact with the upper surface of a 
reagent matrix layer 6, and a support layer 12 is 
brought into contact with the lower surface of the 
layer 6. The layers 2, 8 contain penetrating 
apertures 14 to allow the application of sample to 
the upper surface of the layer 6. The layer 6 
contains reagent for generating the quantity of 
detecting species relative to the concentration of 
the analysis material. The layer 2 slowly absorbs 
liquid to allow the saturation of the matrix layer. 
The layer 8 prevents the contact of the liquid of 
the layer 6 with that of the layer 2. 
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[57] ABSTRACT 
The multilayer test devices of this invention comprise, 
in order, (a) an absorbent layer; (b) a waterproof barrier 
layer; and (c) a quickly absorbent reagent layer having 
a determinate volume. The absorbent and barrier layers 
each include an aperture functionally aligned for appli- 
cation of a test sample through the absorbent and bar- 
rier layers and onto the surface of the reagent layer. The 
reagent layer contains one or more reagents which 
produce a detectable species in the presence of an ana- 
lyte. The reagent layer preferably comprises an asym- 
metrical filter, which localizes cellular components of 
the test sample at or near the surface of the filter, while 
facilitating saturation of the filter by non-cellular sam- 
ple components. Preferred embodiments of the test 
devices include devices for testing glucose, alcohol, 
cholesterol, or other analytes in whole blood. 
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in U.S. Pat. Nos. 3,992,158, 4,166,093, 4,255,384, 

CONSTANT VOLUME CHEMICAL ANALYSIS 4,256,693, 4,363,874, 4,390,343, 4,478,944, 4,631 174 
TEST DEVICE an d 4,066,403 (U.S. Pat. No. Re. 30,267). 

FIELD OF THE INVENTION 5 SUMMARY OF THE INVENTION 

The invention relates to an improved, disposable The present invention provides a test device for a 

device for chemical analysis of liquids. More particu- bodily fluid comprising, in sequential contact, an absor- 

larly it concerns multilayer elements that provide a bent layer, a barrier layer, and a reagent matrix layer 

means for determining the presence and/or concentra- having a defined saturation volume, wherein the absor- 

tion of an analyte in a liquid by effecting the release or 10 bent and barrier layers each includes an opening for 

formation of a detectable species, such as a dye, within applying a test sample directly onto the reagent layer, 

the element, in quantities proportionate to the concen- In one embodiment, a support is provided on a side of 

tration of the analyte. the reagent layer opposite the dosing surface. In an 

BACKGROUND OF THE INVENTION 15 es Pf ciall y preferred embodiment, the support layer 

w , , includes an aperture which permits contact between the 

Multilayer test elements have been extensively used lower layer of the reagent matrix layer and the atmo- 

in laboratory environments to determine an analyte of sphere. In another embodiment, the reagent layer may 

Other multilayer test designs are shown by U.S* Pa ™£ com ^ints * ^ *" 

Nos. 3,980,437, 4,042,335, 4,144,306, 4,160,008, 25 ^- ♦ 

4,178,153, 4,292,272, 4,318,985, 4,387,990, 4,427 632 T preferred embodiment compnses a test device 

4,452,887, 4,532,107, 4,604,264, and 4,668,472. Another f !^ de r tenn,nln g 8 lu cose in a whole blood 

alternative to the multilayer test device approach is ^ P re [ e «ed embodiments are test devices 

shown in U.S. Pat. No. 3,476,515, which discloses rap- . nie I tnods for cholesterol and alcohol determination 
turable sample and reagent pouches. U.S. Pat. No. 30 ln wnole Wood samples. 

3,158,532 teaches the manufacture of a filter which has BRIEF DESCRIPTION OF THE DRAWINGS 
pores of graduated size and filtration capacity. „ 

Specific reagents have been found useful in assays for G- 1 1S 811 exploded view of a preferred embodi- 

the presence of glucose, cholesterol, alcohol, and other ment of the test device of invention, 
analytes (see, for example, U.S. Pat. Nos. 2,912,309 and 35 FIG - 2 is a to P view of a device of this invention 
2,981,606). Buffers, stabilizers, dyes, and other detect- showing the axis of cross-section for FIGS. 3 and 4. 
able moieties have been incorporated into multilayer F ? G - 3 » a cross-sectional view of a preferred em- 
devices and test strips. bodiment of the test device of this invention. 

One difficulty in the prior art has been accurate dos- FIG - 4 » a cross-sectional view of another embodi- 
ing of the test sample into or onto the assay device. 40 ment of the test device of this invention. 
Quantitative evaluation for an analyte has generally DFTAIT FD nPsrutPTTniM the 

involved careful control of sample volume. Reagents in twSt^m 
the test device are allowed to react completely with the 

sample, and the extent of reaction determined. Analyses FIG. 1 shows an exploded view of a test device of 
which do not involve sample control have generally 45 'his invention. The absorbent layer 2 is separated from 
been semi-quantitative or qualitative, rather than quan- the dosing surface 4 of the reagent matrix 6 by the bar- 
titative tests. rier layer 8. The optional support 12, in supporting 

The presence of red blood cells in whole blood sam- relationship to the reagent layer 6 and the barrier layer 
pies may cause interference in the detection of color *> includes an aperture 10 through which the detectable 
changes. Cellular components in blood have been 50 species can be determined at the determination surface 
blocked or filtered from the determining layer by use of W- An opening 14 through each of the absorbent layer 
cellulose (U.S. Pat. No. 3,092,465), amino acids (U.S. 2 and barrier layer 8 allows deposition of a test sample 
Pat. No. 3,552,928), glass fibers (U.S. Pat. No. onto the dosing surface 4 of the reagent matrix layer. 
4,477,575), or carbohydrate (U.S. Pat. No. 4,678,757). FIG. 2 is a top view of a device of this invention 
Fluid metering with the concurrent removal of cellular 55 which demonstrates the axis of cross-section, along line 
components of blood is addressed in U.S. Pat. Nos. c— c, for FIGS. 3 and 4. 

4,250,257 and 4,260,392. FIG. 3 is a cross-sectional view of a preferred em- 

Barrier or blocking layers have been used to segre- bodiment of a device of the invention. The absorbent 
gate cellular components from the serum portion of a layer 2 and barrier layer 8 define a hole 14 for applica- 
whole blood sample. Such barriers used in prior art 60 tion of the test sample onto the dosing surface 4 of the 
elements generally are required to be permeable to the reagent matrix layer 6, which has a defined saturation 
ligand, the reagents of the reagent layer, or products of volume. An opening 10 in the support layer 12 allows 
their interaction. In such devices, determination of the visual determination of a detectable species at the deter- 
detectable species is made from the detecting layer mination surface 16 of the reagent matrix 6. 
surface away from the reagent layer. Alternatively, a 65 FIG. 4 demonstrates an alternate embodiment of the 
barrier may be included on the element to confine an test device wherein the support forms an enclosure 
applied sample to a predetermined region of the element which acts to hold the absorbent layer 18, barrier layer 
surface. Barrier layers in multilayer elements are shown 20, and reagent layer 22 in close proximity while limit- 
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mg exposure of the reagent matrix to the atmosphere. A thickness of the waterproof barrier layer is about 3 

substantially transparent support element 24 is held microns to-about 1 mm or less, and more preferably 

adjacent to the reagent matrix 22 at its determination about 10 microns to about 0 4 mm 

surface 26 by an enclosing support 28. Support elements Pressure-sensitive, thermosensitive, solvent-based, 

24 and 28 may conveniently be manufactured as one 5 and reactive adhesives may be used as an adhesive to fix 

Un ~ t ^ ..... . ' the barrier layer to the absorbent layer, the reagent 

tes } device of th,s invention provides a fixed matrix layer, and/or the support layer. Preferably a 

volume of sample mto the reagent layer without volu- double-sided adhesive tape is utilized to provide the 

metric measurement and provides a quantitative evalua- waterproof barrier layer and to provide ease of assem- 

tion tor the analyte m question. The reagent matrix is 10 bly of the test device 

manufactured to provide a defined saturation volume. The absorbent layer is preferably a hydrophilic pa- 
Adjacent to the dosing surface of the reagent matrix is per, but other absorbent materials can also be used, 
a barrier layer. Adjacent to the barrier layer is an absor- Open-pored synthetic resin foams, blush polymers, liq- 
SJS"' t I b ? X T t ! nd ab ?° rbent lavere uid resistant gels, fabrics, felts, and the like may be used. 
£™t rif^T t C a a '■ 01 d T SltlC f u f thC tCSt 15 lnor ^ c for example, gypsum, are less pre- 
sample directly onto the dosing surface of the reagent ferred since they normally do not possess sufficient 
matrix. The reagent matrix is quickly absorbent, and stability. The absorbency of these materials should be 
sample which is presented on its surface quickly satu- such that, upon contact of a test sample with the surface 
the /f8 ent laver - Excess sample remains at the of the reagent matrix, the edge of the absorbent layer is 
f u Ivf re L gC1 l mat , m ' W ^l rC " tS absorbed more 20 moistened, but the test sample is substantially absorbed 
the y ™ e a ^7 nt r yer - 7* kyer by the rea « ent laver until tbe rea 8 ent l *y<* is saturated. 
V S u u t r ° m 1116 absorbcnt laver ' *> Generally, the absorbent layer will be more slowly 
™ ' h t C J WO ab «orbent layers are m fluid contact only absorptive than the reagent layer. Reagent layer satura- 
~t l t H Unabs ° rbed at the surface of the *» should be achieved in about one-hllf second to two 
™, / . , , . 25 seconds or less. Excess sample which remains on the 
a J™ T Tu° ■ C ° nt °. the reagent test surface of the rca 8 ent l*V* should be absorbed by the 
fate ft ?!^ m ^ rf ? tre< ^ t0 i Wly8, ^ abSOrbCnt layer ***** °- 5 to 60 seconds - P ref « a Wy 
« 2t2L ffH ?. F hCn the rea 8«" P ad ******* 1 to 30 seconds, more preferably 1 to 5 seconds 
saturated, further flow of sample mto the reagent matrix The detectable species is fully formed, and the assay is 
S'^f ° f thC f m - P ""jf** by the 30 read y for d «ennination of the detectable species after 1 
absorbent layer. Excess sample m the absorbent layer minute or less, preferably 30 to 45 seconds, more prefer- 
remains separated from the-reagent pad by the barrier ably less than 30 seconds 
' rlfH th r? y ^ " 0t thC f CtiOD - ^ absorbcnt ^ includes at lea *t <™ opening or 
hT V ° T dCV1CeS ° f the present in " a P erture throu « h which a ««« sample may be deposited 

nhai S ™ 8 - °f J° T'f 501,(1 generall y coincide with the in the barrier layer 

SX, 1 ST 1 f a y s u for « lucose ' 50 tha » a factional unit is formed. However, the aper- 

oihvlS, a „H 2 f^' f LT <P henobarbital >* the " tures in each of the absorbent and barrier layers need 
ophylhne and other chemical assays. not be of identical size or location relative to each other, 

Located at one surface of the reagent matrix, and 40 as long as functionality is not diminished. 
£n'r T C k ■ F ? gent £ at T and thC abS0r - In a P referred embodiment, an aperture is provided 

»l™£ f L«l^\r* y ^ ^ T"* layCT iS 3 thr0ugh the su PP° rt meraber 10 "low exposure of the 
W !?T?t SUbstant,al,y waterproof material which determining surface 16 of the reagent matrix layer 6 to 

of a nf T nmg ° r apCrtUre - The apertUre may the atm °sph«e, and to permit visual or spectrophoto- 
be ot any shape, for example, square, rectangular, oc- 45 metric determination of the detectable species. It is an 
Tr^r' SS°S ' * C \' 3nd 18 convenientI y round - ™* advantage of this embodiment that atmospheric oxygen 
aperture of the barrier layer may or may not be of simi- is accessible to both surfaces of the reagent matrix by 

ZrHoZ'**?^ 011 "? T ° f ^ abS ° rbent ^ ° f the apertUreS through the barrie? abSbem" 

E'fiSS t^ffT 8 °, 6 ,ayefS mUSt and Supp0rt layers - ^ which are preferably per- 
y ^ th t* 3 'Tt ^P 16 10 te tCSted is 50 fonned while ^P 08 * 1 to atmospheric oxygen are easily 

c ° n . Vement 1 ,y throu 8 h the ^"gs in ^ ab- accommodated by minimizing support surfaces and 

^ t I ^^ ta ^^.^fl»"^»«ft« maximizingthesurfaceareaofthereagentmatrixwhich 

, a n^ g y Convementl y. the aperture is at is exposed to the atmosphere. 

least 0.050 inches m diameter, more generally at least In another embodiment for assays wherein it is ad- 

0.150 m., and preferably from 0.180 to 0.500 in. The 55 vantageous to permit contact between reagents or rea- 

barner layer may be made from any convenient water- gent products and the atmosphere, the reagent matrix 

M^l T,^' ^ y ? thC f0fm ° f * Sh T,° T f ° U - may 156 P rovided a base SU PP°« or carrier, leaving 

Metal sheets or foils include e.g., aluminum foil. Poly- lateral surfaces unsupported and open to the atmo- 

menc materials suitable for use include polyethylene, sphere. 

polypropylene, polyvinyl chloride), cellulose acetates, 60 The nature of the support is not particularly limited 
polyethyleneterephthalates, polycarbonates, or polysty- as long as it is impermeable to liquid, and car Emit 
n e a l^ I 3 " 0115 l ^ of i-^ingParaffin-impreg- light or other means necessary for aiSnS^S- 
nated paper, polymer laminated paper, water-resistant tectable species if required. For example, various poly- 
paper, and wax paper are appropriate, as is glass. The meric materials, such as polyethylene terephthalates 

^^^^2T^? t *T! iW T 65 P° lycarbonates ° r Polystyrenes, o'r JS such as 
nal as the support, if any. Alternatively, a solution of a glass, or wax paper are suitable for this puroose The 

EES? £" 75*1 r, Hi t W S thC bafrier ^ -Ploy^-y b -e any diifed thX s, but 
layer may be coated onto the absorbent layer. A suitable generally a thickness of about 50 microns to about 2 



4,994,238 

5 6 

millimeters is adequate. When the reagent layer is pro- mains on top of the matrix layer, where it is absorbed by . 

vided directly on the support, it may be directly coated the absorbent layer and is prevented from reacting with 

thereon. When the reagent layer is a sponge-like mate- reagents in the matrix pad by the barrier layer. Accord- 

nal, it may be desirable to glue or otherwise laminate or ingly, the resulting test device achieves constant load- 
affix the reagent layer to the support. Alternatively, the 5 ing of sample per unit regardless of the amount of sam- 

support may form an enclosure, acting to hold the rea- p l e applied to the test device and a constant volume test 

gent layer, barrier layer, and absorbent layer in close device is obtained. A device designed to accept a drop- 

proximity. let of sample to be tested is easily designed so that only 

Suitable supports may be opaque or transparent. If no a fraction of a standard d is necessary to full ^ 

hwT^ ^ ^L SUP Ef ? ?, r ° V,ded ' " * Pref T 10 rate the rea S ent matri *- n» absor ^nt layer is designed 
S,t™ l^LTSft /I ?l 18lIy ^P" 6 ^ 50 *? so that an excess volume, for example twice, preferably 
SSS Tl » T ° Y*"?** 10 times or greater, of the suggested load for saturation 

reSL ^ V 01 Y meChan,Cal of the reagent matrix may be absorbed by the absorbent 

T „ Jl „ u , .. „ p . i a j • .. layer. Test devices may be designed to accept a wide 

W^fi^££££££. " r <f T Ple X'-^ ^ific design^ will be 
sisttof a reagent k£er, barrier layer, ™d ab^nt ^ " M " of the t-ch- 

layer laminated together in that order. Such devices ll f^-f , w~r ♦ 

may be placed on any convenient surface when the , *J * embodmen • the reagent matrix m- 

assay is conducted. In another embodiment, the reagent 20 t * S,nf ? le ^ane °r filter medium which exh.b- 
matrix is enclosed within a holder, such that only the 1? PJ°« re « v £y finer filtration m a progression from 
surface area which is coincident with the aperture in the the dosmg sur f a * e t0 the ,ower SU , rface ' SO that CeIlular 
absorbent and barrier layers is exposed. Such a configu- com ponents of the test sample are localized at the upper 
ration is shown in FIG 4 surface of the membrane. This medium may be opaque, 

The reagent matrix layer is a quickly absorptive, 25 and have light or d * A color characteristics. When the 
hydrophilic region which performs three functions: (1) detectable species is a dye, it is preferable to have an 
it provides a determinate volume for reagents and the OP 80 . 1 " 5 ' hght-colored or white background, for color 
test sample; (2) it filters cellular components of the test detection. 

sample such that cellular components are retained at, or Tbe rea gent matrix layer includes one or more chemi- 
close to, the surface of the matrix, while non-cellular 30 041 rea 8 cnts which are capable of directly or indirectly 
liquid sample is transported throughout the matrix; and reacting with the analyte of interest to produce a detect- 
(3) it provides an appropriate sensing region for deter- able species. Reagents which give rise to a colored 
mination of the presence of detectable species, free from reaction product or cause a distinct change in color are 
background interference from red blood cells or other preferred for ease of reading. Reagents which provide 
cellular components of the test sample. 35 chemiluminescence, or other detectable products, are 

Materials which are appropriate for use as the reagent *l so appropriate for use. Specialized apparatus for de- 
matrix base layer include glass fibers and foam filters of termining the extent of reaction may be necessary for 
the prior art. Preferably, the reagent matrix base layer non-visually determinable products, 
comprises a porous member which is asymmetrically The substances in blood, serum, urine, cerebrospinal 
porous, having pores of progressively decreasing diam- 40 fluid > lymph, or other bodily fluid, which can be mea- 
eter in a progression from the upper (dosing) surface to sared b y the test device of this invention include glu- 
the lower (determining) surface. A blown-pore or open- cose > galactose, pyruvic acid, amino acids, cholesterol 
pore structure such as that found in the RTS Asymmet- l actic acid, alcohol, urea, etc. The reagents used for 
ric membrane from Brunswick or that shown by U.S. measurement are determined individually depending 
Pat. No. 3,158,532, issued to Pall et al., is especially 45 u P° n the analyte to be measured. For example, a test 
preferred. Such membranes have the advantage of act- device for measuring glucose in blood may contain 
ing to separate cellular blood components: when a test glucose oxidase, a substance having peroxidase activity, 
sample comprising whole blood is applied to the test and an oxidizable indicator as ingredients. Similarly, a 
device, red blood cells are localized at the dosing sur- test device for measuring galactose in blood may con- 
face. Serum blood components progress throughout the 50 tain galactose oxidase, a substance having peroxidase 
porous medium, and the reagent-analyte reaction oc- activity, and an oxidizable indicator. Where the alcohol 
curs throughout the matrix. The lower reagent matrix level in blood is to be measured, a test device may be 
surface provides a region where the detectable species impregnated with a reagent system comprising alcohol 
is determined without interference by red blood cell dehydrogenase, nicotine adenine dinucleotide, diapho- 
pigmentation. ' 55 rase and a tetrazolium salt. 

It is an advantage of this invention that the volume of The detectable species of the reagent layer may be 
the reagent layer upon sample saturation may be pre- varied to facilitate the detection process. The terms 
cisely calculated, as any excess sample is absorbed by "detectable chemical species" and "detectable species" 
the absorbent layer. The exact amount of reagent neces- refer to a chemical species which provides a detectable 
sary for quantitative analysis of the analyte in the test 60 signal or change that is directly or indirectly indicative 
sample may be calculated and provided within the rea- of the presence and/or concentration of a desired ana- 
gent matrix. lyte, or a reaction or decomposition product of the 

In use, the amount of excess sample applied to the analyte, e.g., the optical density of a color formed, fluo- 
exposed surface of the matrix becomes unimportant, rometric density, electromagnetic (including radiation) 
within wide tolerances. Non-cellular components of the 65 intensity or a change in these densities or intensities, 
sample placed on the dosing surface of the reagent ma- Preferably, the detectable change that is produced is 
trix pass into the matrix until the reagent matrix pad is optically detectable, e.g., visually detectable, or detect- 
saturated. Upon pad saturation, the excess sample re- able using spectrophotometry. In a preferred embodi- 
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ment, the detectable species is determined at the deter- atmospheric oxygen to form hydrogen peroxide. In the 

mination surface 26. presence of a peroxidase, hydrogen peroxide oxidizes 

The preferred dyes or other detectable chemical spe- the indicator, producing a determinable color. Gener- 

cies will differ for various assays, and are well known to ally, the detectable species is formed in two minutes or 
those skilled in the art. Exemplary of dyes which are 5 less, preferably three seconds or less, from the time of 

appropriate for use in an assay for glucose in a body dosing of the test sample. The concentration of glucose 

■! U xf ^ 3,5-Dimethylaminobenzoic acid (DMAB); is calculated by comparing the color produced with a 

3-Methyl-2-benzothiazolinone hydrazone hydrochlo- standard color chart which is prepared separately 

nde (MBTH); and/or tetramethyl benzadine (TMB). A If a mechanical device is to be used to determine the 
preferred dye is DMAB, which shows an absorption 10 glucose optically, the reflectance of the color produced 

peak at 570-600 nm. A device such as a spectrophotom- is measured at a predetermined wavelength by means of 

eter may to be used to determine the dye produced. The an appropriate measuring instrument, e.g. a spectropho- 

dye is conveniently determined at 570-600 nm. This tometer. The concentration of glucose is determined 

preferred dye and determination wavelength act to with reference to a concentration-reflectance curve 
minimize the background interference when red blood 15 which is prepared separately. 

cells are present at the dosing surface of the reagent A device according to this invention to assay for 
matrix layer. alcohol in a test sample comprises, sequentially, an ab- 
In most cases, the means for measuring a specific sorbent layer, a barrier layer, and a reagent matrix layer 
analyte is not limited to only one set of reagents, and a including a chemical system which produces a detect- 
plurality of suitable reagents are known. Any chemical 20 able species in the presence of alcohol, such as alcohol 
method may be applied as long as the reagent can be oxidase, peroxidase, and a suitable dye. Apertures 
contained in the reagent matrix in a stable state. Fur- through the absorbent and barrier layers are provided 
ther, one may add a substance to buffer the regent com- A test sample, such as a drop of whole blood, serum, 
Position i to a constant pH, a substance to stabilize it, a urine, or other bodily fluid, is placed through the aper- 
nydrophilic substance to aid absorption of the test sam- 25 tures and onto the dosing surface of the reagent matrix 
pie into the matrix, a substance to adjust the reaction The presence and extent of the detectable species is 
rate, etc., and it is well appreciated by those skilled in determined, as appropriate to the detectable species 
the art that the present invention may be easily modified used. When the detectable species is a dye such as tetra- 
based on such conventional knowledge. methyl benzadine (TMB), the determination may be 
The general structure and function of elements of the 30 made visually, or with a spectrophotometer. The alco- 
test device of this invention have been described. For hoi assay device produces a quick, quantitative assay 
purposes of clarity and not by way of limitation, the without the need to accurately measure the sample 
device, and methods of making and use will be de- provided to the dosing surface. A small sample, e.g., a 
scribed for a quantitative glucose assay which permits drop of whole blood, is sufficient to provide results, 
optical determination, and which may preferably be 35 The device may be made as a disposable unit. When a 
determined using a spectrophotometer. colorfast dye is used, the device may be retained to 
Appropriate reagents, buffers, and chromogen mate- provide evidence of the assay. The device is not particu- 
nals are dissolved into an aqueous solvent to produce a larly temperature sensitive, and may be used in a variety 
second solution. In an assay for glucose, an enzyme of field conditions, e.g., roadside checkpoints for alco- 
system having glucose oxidase activity is provided, 40 hoi use while operating a motor vehicle 
• together with a substance having peroxidative activity A device according to this invention to assay for 
and a substance capable of undergoing a color change cholesterol in a test sample comprises, sequentially an 
upon reaction with one or more of the compounds absorbent layer, a barrier layer, and a reagent matrix 
termed during the action of the enzyme upon glucose layer including a chemical system which produces a 
containing fluids. Substances having peroxidative activ- 45 detectable species in the presence of cholesterol, such as 
ity which are useful in the present invention can be cholesterol esterase, cholesterol oxidase, and peroxidase 
chosen from various organic and inorganic sources, and with a suitable dye. Apertures through the absorbent 
"VZ C " ^ 0Wn *? those in the art - barrier layers are provided. A test sample, such as a 
The fflter medium is dipped into the solution and drop of whole blood,, serum, or plasma, is placed 
dried. The filter may be wrung or squeezed prior to 50 through the apertures and onto the dosing surface of the 
drying, to hasten the drying time. reagent matrix. The presence and extent of the detect- 
The coated reagent matrix may be cut into smaller able species is determined, as appropriate to the detect- 
units, or otherwise processed into the test devices of this able species used. When the detectable species is a dye 
invention. The openings in the covering absorbent and such as TMB, the determination may be made visually, 
barrier ■ layers may be formed either before or after (but 55 or with a spectrophotometer. The device may be used 
normally before) the absorbent and barrier layers have for continued monitoring of a patient's cholesterol lev- 
been applied to the reagent matrix. The layers may be els in a disposable home test. The cholesterol assay 
laminated together, applied by chemical deposition, or device produces a quick, quantitative assay without the 
contained m an enclosing holder. In an especially pre- need to accurately measure the sample provided to the 
terred embodiment, the barrier layer comprises double- 60 dosing surface. A small sample, i.e., a drop of blood is 
sided tape and acts to laminate the reagent layer, the sufficient. Instructions are simple, and only minimal 
absorbent layer, and the support layer together. training is required for accurate use of the device 

To measure glucose in blood, a blood drop taken This invention is further illustrated by the following 

from the earlobe, finger tip, or other blood source, is specific, but non-limiting examples. Temperatures are 

applied to the dosing surface of the reagent matrix. 65 given in degrees Centigrade and percents as weight 

Glucose which is present in the fluid sample is con- percents unless otherwise specified. Examples which 

verted to gluconic acid by glucose oxidase. Hydrogen, are constructively reduced to practice herein are pres- 

released by this reaction, combines enzymatically with ented in the present tense, and examples representing 
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laboratory experiments previously reduced to practice Dipping and drying of the membrane follow the pro- 
are presented in the past tense. cedure of Example 1. 

EXAMPLE 1 A second soh»tira is prepared according to the pro- 
cess of Solution B of Example 1, using 10.00 g polyvi- 
Glucose Reagent Matrix 5 nylpyrollidone (PVP); 60 ml of water; 12.0 ml of a 
SOLUTION A: 0.50 to 1.00 g cellulose acetate is fi,tered 25% acacia solution; 0.1 ml FC-129, 0.400 g 
slowly added to 50 ml glacial acetic acid and stirred 3-Methyl-2-benzothiazoIinone hydrazone hydrochlo- 
rapidly until completely dissolved. 50 ml isopropanol is nde ( MBTH )> competitor; 10.00 ml TRIS 1M (pH 
then slowly added with stirring. As the final volume is , n 7 - 5) , and 5 -°° M citrate 1M <P H 7 - 5 > 10 °- 200 U choles " 
approached, the alcohol is added dripwise to prevent 10 !f ol "terase, 10 °- 200 u cholesterol oxidase, and 1000 
precipitation of the cellulose from the solution. To this H VfaaaOue added to the pH adjusted solution, 
solution, 3.00 g. 3,5-Dimethylariiinobenzoic acid Fmal volume .s adjusted to 100.0 ml. 
(DM AB) is added and stirred until dissolved. It may be Dipping and drying of the membrane follow the pro- 
necessary to add a few drops of 5.0M NaOH to com- 15 cedure of Exam P Ie L 
plete solvation of the acid. EXAMPLE 4 

Brunswick BTS asymmetric polysulfone membrane is „ „„, „. . 

dipped in this solution and air dried until the alcohol Construction of Test Dev.ce 

and acetic acid have evaporated, approximately ten A sheet of filter paper approximately 8 in. by 8 in. 

minutes at 50' C. 20 is laminated to one surface of a tape having wa- 

SOLUTION B: A second dip is prepared by dis- terproof adhesive on both surfaces, such as 415 adhesive 

solving 10.00 g polyvinylpyrollidone (PVP) in approxi- from 3M. Paper and tape are cut into i inch strips. A 

mately 60 ml of water. Some heating may be required to circular opening approximately 0. 1 87 inches in diameter 

enhance solvation. To this solution, 12.0 ml of a filtered is made through both layers at 1 inch intervals along the 

25% acacia solution is added, followed by 0.1 ml FC- 25 tape- A reagent matrix according to Example 1 which 

129, 0.400 g 3-Methyl-2-benzothiazolinone hydrazone has been trimmed to a 0.250 inch diameter is aligned 

hydrochloride (MBTH), and competitor. 10.00 ml with the circular opening, and applied to the exposed 

TRIS 1 M (pH 7.5) and 5.00 ml citrate 1M (pH 7.5) are adhesive surface. A plastic strip i inch wide is aligned 

added slowly, to prevent crystallization of the chromo- with and laminated to the filter paper/adhesive tape/- 

gen, and the pH is adjusted to 7.5±0.1. After adjust- 30 membrane strip over the reagent matrix membrane. The 

ment of the solution, 50,000 U glucose oxidase and strip is then cut into 1 inch segments, each segment 

50,000 U peroxidase are added to the solution. Final containing a sample application aperture in the center, 

volume is adjusted to 100.0 ml. The saturation volume of the reagent matrix is approxi- 

The membrane which had been dipped in Solution A mately 3 Ml (microliters), 

and dried is dipped in this solution and air dried until the 35 FX . Mp . p , 

solvent has evaporated, approximately ten minutes at tAAMrLt 3 

50* C. Glucose Testing of Blood Sample 

EXAMPLE 2 A dr °P °f t'lood from a finger puncture is placed onto 

. the test device of Example 4 at the opening through the 

Alcohol Reagent Matrix 40 absorbent layer. The test device is allowed to stand for 

A first solution is formed by the process used for at least one second. The detectable species is deter- 

Solution A in Example 1, using the following: 0.50 to mined using a spectrophotometer at 590 nm. The spec- 

1.00 g cellulose acetate; 50 ml glacial acetic acid; 50 ml trophotometric result is compared to a standard curve 

isopropanol; 3.00 g 3,5-Dimethylaminobenzoic acid to determine the quantity of glucose in the blood sam- 

(DMAB). 45 pie. 

Dipping and drying of the membrane follow the pro- ™ . x - DT „ , 

cedure of Example 1. EXAMPLE 6 

A second solution is prepared according to the pro- Alcohol Content of a Blood Sample 

cess of Solution B of Example 1, using 10.00 g polyvi- A test device is manufactured according to the pro- 

nylpyrolhdone (PVP) m approximately 60 ml of water; 3U cess of Example 4, substituting the reagent matrix of 

12.0 ml of a filtered 25% acacia solution; 0.1 ml FC-129, Example 2 for that of Example 1. A drop of whole 

0.400 g 3-Methyl-2-benzothiazolinone hydrazone hy- blood is placed onto the test device at the dosing sur- 

drochloride (MBTH), and competitor; 10.00 ml TRIS face. The dye production is evaluated at the determina- 

1M (pH 7.5) and 5.00 ml citrate 1 M (pH 7.5). tion surface using a spectrophotometer at 590 nm., and 

30,0O0-50,0OOU alcohol oxidase and 30,000-50,OOOU compared to a standard, to ascertain the amount of 

peroxidase are added to the pH adjusted solution. Final alcohol in the blood sample, 
volume is adjusted to 100.0 ml. 

Dipping and drying of the membrane follow the pro- EXAMPLE 7 

cedure of Example 1. 60 Cholesterol Content of a Blood Sample 

EXAMPLE 3 A test device is manufactured according to the pro- 
Cholesterol Reagent Matrix 2 s8 of Example 4, substituting the reagent matrix of 
6 Example 3 for that of Example 1. A drop of whole 
A first solution is formed by the process shown in blood is placed onto the test device at the exposed dos- 
Example 1, using 0.50 to 1.00 g cellulose acetate; 50 ml 65 ing surface. The dye production is visually evaluated at 
glacial acetic acid; 50 ml isopropanol; 3.00 g 3,5-Dime- the determination surface and compared to a standard, 
thyiaminobenzoic acid (DMAB). pH is adjusted as nec- to ascertain the amount of cholesterol in the blood sam- 
essary. pie. 
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EXAMPLE 8 (b) a waterproof barrier layer; 

(c) a reagent matrix layer comprising an asymmetri- 

Glucose Testing of a Urine Sample cally porous membrane which provides progres- 

A test device according to Example 4 is constructed. sively flner fiction with increased distance from 

A drop of urine is placed at the opening through the 5 the barrier laver > an d wh »ch contains at least one 

absorbent layer. The test device is allowed to stand at reagent whlch reacts with 8 lu cose in a liquid sam- 

least one second. The color is determined, and com- , .f le t0 P roduce a detectable species; and 

pared to a standard curve to determine the quantity of ( < a su PP° rt laver including an aperture which al- 

glucose in the urine sample lows the rea 8 ent ma trix layer contact to the atmo- 

What is claimed is: 10 . sphere; 

1. A multilayer testing device comprising, in sequen- T " th * bamer J ave . r <"» d a bsorbent layer each con- 

tial contact, tarn an aperture which is functionally aligned to facili- 

(a) an absorbent layer tate the deposition of a liquid test sample through the 

(b) a waterproof barrier layer; and , « ■** ° nt <? surfa « °f the reagent layer. 

^Z^t^Ti "? b !S r laye , K CaCh T 1UdC 20 4 - An element in a flayer test device comprising 

s^^uTZ^^ f ZT hC!l T ° f 4 ^ 311 absorbent ' symmetrically porous membrane provid- 

• Zfl SSf 2! r absort *f and lavers , «"» ing progressively finer filtration with distance from a 

clnri^f 3 ° ? gC n ^ the u 638 ^ kyCr receivin « surface > w hich membrane has a deter- 

SSLwTTSJ ,C ? y membra " e 1 havln g minate saturation volume, and which acts to filter cellu- 

progresswely finer filtration with mcreased distance 2 5 lar components of a test sample at or near the sample 

from the barrier layer, receiving surface. 

• ^tilayer assay device for determining glucose 5. An element according to claim 4 further including 

in a whole blood sample, comprising, m sequential one or more reagents which produce a detectable spe- 

contact, cies in the presence of an analyte. 

(a) an absorbent layer; 30 * » * * * 
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